Introduction {#S0001}
============

The majority of genes that undergo mutation in human cancers have a direct role in the cell cycle, but most of them participate in signal transduction. Signal transduction pathways express proteins that regulate the cell cycle, but they do not directly participate in controlling cell cycle events. These pathways involve biochemical mechanisms through which the cell can communicate with its extracellular environment. Whether the cell receives the signal from a soluble protein or a direct cell-cell interaction, the result will be activation of a single signal transduction pathway. Subsequently increased or decreased protein synthesis resulting in a phenotype change (e.g. proliferation) will ensue. There are at least four main signal transduction pathways within human cells which are activated by interaction of an extracellular ligand with its corresponding receptors. One of them is activation of protein kinase which acts through phosphorylation of other proteins in their tyrosine (i.e. tyrosine kinases) or serine threonine (i.e. serine or threonine kinases) roots or both (i.e. dual specificity kinases). These signal transduction pathway are essential ways through which cells communicate with their environment and have a pivotal role in regulation of cellular proliferation and death \[[@CIT0001]\].

These pathways consist of varying and numerous proteins in different levels of the signaling cascade. Actually, any of these proteins at any level of the signaling cascade in a human cell can undergo mutation and cause irregular cellular proliferation. As an instance, growth factor receptors, including proteins of the epidermal growth factor receptor (EGFR) family, generally undergo some changes in certain types of cancer (e.g. breast cancer). In breast cancer, growth factor receptor Her-2/neu is amplified in 40% of cases (numerous copies of the gene encoding its protein). Such gene amplification causes overexpression of Her-2/neu protein. This amplification corresponds to prognosis of the breast cancer and *in vitro* proliferation. One of the most important signal transduction pathways that is genetically changed in human malignancies is a protein kinase pathway called MAPK (mitogen-activated protein kinase). MAPK is probably the most well-identified signal transduction pathway and is considered as a model to understand inward transduction of an extracellular signal and its amplification within the intracellular environment. When a growth factor is bound to its receptor, the receptor undergoes a spatial change or a tyrosine phosphorylation or both. This causes activation of a protein called Grb2 which in turn activates an adaptor protein called rasGrb2/SOS. ras is a G protein monomer (i.e. a guanine nucleotide binding protein) that changes GTP into GDP and subsequently is able to transmit signals to cytoplasmic proteins. Within each step, the signal is amplified and finally transcription factors are activated and gene transcription causes expression of proteins that regulate proliferation. One of the proteins that are upregulated by the MAPK pathway is cyclin D, which facilitates entering G1 from G0 and passing from G1 into S phase. Therefore, an extracellular signal that activates a growth factor receptor may cause increased proliferation through increased expression of cyclin D. It has been indicated that the majority of genes encoding MAPK pathway proteins are mutated in human malignancies and, theoretically, mutation of each protein in this pathway can cause increased proliferation as in colorectal carcinoma \[[@CIT0002]\]. In addition, most of the genes in the MAPK pathway are ras proteins that undergo mutation in numerous malignancies including 95% of pancreas adenocarcinoma cases \[[@CIT0003]\].

C-kit is alternatively called stem cell factor receptor (SCFR) or CD117. Its corresponding gene is located on chromosome 4q12. The DNA for this gene is 89 kb long and contains 21 exons. Following transcription, mRNAs are produced that are 5.23 kb long and after splicing of number 9 alternative exon, two isoforms called kit and kitA are produced. The difference between these two is in the presence or absence of four amino acids. The resultant protein is a type III tyrosine kinase receptor that contains 976 amino acids and weighs 145 kDa. This receptor contains an extracellular arm with five Ig-like rings, one extremely hydrophobic transmembrane arm (containing 23 amino acids) and an intracellular arm with tyrosine kinase function. This protein receptor is presented and expressed on hematopoietic stem cells, mast cells, melanocytes and germ-cell lineage cells \[[@CIT0004]\]. This protein receptor is located on plasma membrane \[[@CIT0004]\]. Binding of its corresponding ligand, i.e. stem cell factor, causes receptor dimerization, its auto-phosphorylation and eventually signal transduction through molecules containing SH-2 arms. It appears that lack of c-kit expression accompanies progression of some tumors (e.g. melanoma) and autocrine as well as paracrine stimulation and the c-kit/SCF system may play a role in human solid tumors such as malignancies of lung, breast, testis and gynecologic dysplasias \[[@CIT0005]\].

Therefore, as described above, C-kit protein is a kinase necessary for cell division (i.e. in hematopoietic cells), showing decreased or increased expression in some malignancies \[[@CIT0006]\]. It is seen with increasing expression in different stromal tumors, especially in the gastrointestinal tract, and is directly associated with tumor growth \[[@CIT0007]\]. Inhibition of this protein can help prevent tumor growth especially in metastatic cases by counteraction of a monoclonal antibody called imatinib marketed as Glivec^®^, which was initially manufactured by Novartis company.

The aim of this study was to evaluate C-kit protein expression level within the very common breast cancer cases.

Material and methods {#S0002}
====================

Sixty tissue blocks of breast cancer tissues and 60 non-cancerous breast tissue blocks were collected from pathology department archives. Hematoxylin and eosin sections of all specimens were reviewed to confirm the tumor type and histology. All cases were immunostained for C-kit, product of Novocastra company UK (clone No. T595).

For immunohistochemical (IHC) analysis of the C-kit protein, sections were dewaxed and dehydrated, and antigen retrieval was performed by microwave heating for 15 minutes in a 10 mM citrate buffer at pH 6. Then, the sections were reacted with rabbit polyclonal antibody for C-kit. The specimens were diluted at room temperature, and then were subsequently stained by the universal immuno- peroxidase polymer method using a Histofine Simple Stain MAX PO(M) kit, according to the protocol provided by the manufacturer. Positive reactions were visualized with diaminobenzidine, followed by counterstaining with hematoxylin. Due to the lack of an internal control in breast tissue, we used C-kit positive GIST slides as the control in our study. χ^2^ was used for comparison.

Results {#S0003}
=======

The immunohistochemical expression of the C-kit protein was determined to be negative in all breast cancer specimens. Of 60 cases with malignancy, the histological type of breast cancer in 53 (88.33%) was ductal carcinoma, 5 (8.33%) cases were ductal carcinoma *in situ* (DCIS), 1 (1.67%) case was medullary carcinoma and 1 (1.67%) case was lobular carcinoma.

Of 60 cases, C-kit was negative in all cases. Of 60 controls, C-kit was positive in 13 (21.66%) cases (*p* \< 0.001).

Of 60 controls, the C-kit expression was negative in 47 (78%) specimens, and positive in 13 (22%) subjects ([Table 1](#T0001){ref-type="table"}).

###### 

Distribution of C-kit among cancerous and non-cancerous specimens

  Cancerous                        C-kit   Non-cancerous             
  -------------------------------- ------- ------------------------- ----------------
  ductal carcinoma (53)            --      normal (51)               47 (--), 4 (+)
  ductal carcinoma *in situ* (5)   --      fibrocystic changes (6)   \+
  medullary carcinoma (1)          --      fibroadenoma (3)          \+
  lobular carcinoma (1)            --                                

The histological types of non-cancerous breast tissue in patients with positive C-kit expression were 6 cases of fibrocystic changes ([Fig. 1](#F0001){ref-type="fig"}), 3 cases of fibro-adenoma ([Fig. 2](#F0002){ref-type="fig"}) and 4 cases of normal breast tissue ([Fig. 3](#F0003){ref-type="fig"}).
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Discussion {#S0004}
==========

C-kit protein, a 145 kDa tyrosine kinase (CD117) with oncogenic properties, is a transmembrane growth factor receptor known as a stem cell factor (SCF). It is encoded by the C-kit proto-oncogene located on chromosome 4q11-q12. Activation of C-kit by its SCF ligand leads to dimerization of the receptor. The latter activates further signaling cascades that control cell proliferation, adhesion and differentiation. Ulivi *et al*. showed such expression in normal and tumor breast tissue \[[@CIT0008]\]. Several studies have identified the presence of a C-kit malignant mutation in over half of gastrointestinal stromal tumors (GISTs), as well as in other human tumors, including lung cancer, germ cell tumors, neuroblastoma, melanoma, ovarian cancer and breast carcinoma \[[@CIT0009]--[@CIT0011]\].

Interestingly, over-expression of C-kit has been found to affect proliferation in human neural, lung, breast, colorectal, skin and prostatic tumors \[[@CIT0012]--[@CIT0014]\]. Although the functional role of mutated C-kit kinase activity is not fully understood, it seems that in breast, thyroid and ovarian cancer, the malignant transformation correlates with loss of C-kit protein expression. Immunohistochemical expression of C-kit protein is a rare event in poorly differentiated carcinoma \[[@CIT0015]\].

C-kit is also physiologically expressed in hematopoietic stem cells, tissue stem cells, tissue mast cells, germ cells, melanocytes, interstitial cells of Cajal and mammary gland epithelium, as we showed its expression in normal breast tissues. However, C-kit is not usually expressed in normal squamous epithelium or the glandular epithelium of the lung, endocervix, pancreas, prostate, stomach or the small and large intestines \[[@CIT0016], [@CIT0017]\].

The diverse expression of C-kit in normal tissue results in the diverse expression of C-kit in tumor tissue originating from such normal tissues. Such opposite and polar effects presented by Diallo *et al*. underline that C-kit expression represents an independent negative prognostic marker in high-risk breast cancer, and the findings of Ulivi *et al*. suggest that C-kit/SCF plays an important role in the maintenance of normal growth of mammary epithelium and that the process of malignant transformation is accompanied by their progressive loss \[[@CIT0008], [@CIT0018]\]. Therefore, the aim of the present study was to evaluate the C-kit expression of breast cancer in comparison with normal breast tissue.

C-kit is physiologically expressed in the normal gland of breast tissue \[[@CIT0019]\]. However, other findings indicate that C-kit is involved in growth and maintenance of the normal epithelium and the C-kit function may be lost following malignant transformation \[[@CIT0020]\]. The rate of positive C-kit expression in breast cancer varies from 1 to 82%, which is likely attributable to the different methods for determination of C-kit expression. The rate of positive C-kit expression in normal breast tissue was 100% in four studies \[[@CIT0021]\]. Although the rate of positive C-kit expression varied in the different studies, the rate of positive C-kit expression of benign tumor was always lower than that of normal breast tissue and the rate of positive C-kit expression of breast cancer was always lower than that of benign tumors in each study \[[@CIT0022]\].

As there is a reduction in C-kit expression with malignant transformation of breast epithelium, C-kit is believed to play a role in breast carcinogenesis. The Chang *et al*. research result suggests that the loss of expression of this protein might correlate with malignant breast cancer progression, but it is most likely involved at an early stage of human breast cancer development \[[@CIT0023]\].

In our study we should follow patients with normal or benign breast tissue to indicate any correlation between C-kit presentation and breast cancer development. However, we cannot say that any positive or negative effect of C-kit expression on breast cancer was proved by this study.
